Introduction
Patella complications are recognized sequelae of total knee arthroplasty (TKA). Anterior knee pain, patella maltracking, osteonecrosis, and patella fractures constitute up to 50% of post-TKA complications [5] [6] [7] [8] [9] . Disruption of blood flow to the patella during surgery may contribute to reduced viability of the bone and patella tendon [14] , and is therefore thought to play an important role for patella complications. Several studies have investigated the effects of a medial arthrotomy (MA) with or without a lateral release on patellar blood flow in vitro [3, 15] , in vivo [4, 21, 25] , and in animal models [23] . In particular, an MA in combination with a lateral release has been shown to compromise the patellar blood flow, and has been associated with an increased incidence of osteonecrosis [11] and patella fractures [24] . Since the prevalence for a lateral release is high in valgus knees, a lateral approach has been suggested in these cases [16] . The lateral approach in combination with a tubercle osteotomy has even been suggested as a standard approach for varus knees to improve patella tracking, and to better preserve blood supply [1] . However, the effect of a lateral arthrotomy (LA) on blood flow to the patella and associated soft tissues has not yet been investigated in vitro or in vivo. It is therefore the purpose of the present study to compare patellar blood flow changes during an LA or an MA in total knee replacement using laser Doppler flowmetry (LDF) intraoperatively.
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Patella intraosseous blood flow disturbance during a medial or lateral arthrotomy in total knee arthroplasty: a laser Doppler flowmetry study Abstract Patella complications are recognized sequelae of total knee arthroplasty (TKA). Disruption of blood flow to the patella and adjacent soft tissues during surgery may contribute to reduced viability of the bone and patella ligament tissue. The effect on genicular blood flow to the medial and lateral patella was compared for a medial (MA) and lateral arthrotomy (LA) during TKA. Laser Doppler flowmetry was used to measure both baseline and postarthrotomy flow in vivo for 16 primary TKA patients. Flow in the lateral patella was reduced approximately 20% for both MA and LA. Conversely, the use of MA resulted in substantial reduction in flow to the medial patella (53%) compared to the lateral approach (27%). A large standard deviation of scores was evident in all cases. Although there was a tendency for LA to disturb the patellar blood flow less, the difference was not significant. It was concluded that neither approach is superior regarding the blood flow preservation to the patella. Hence, a lateral approach might only have an advantage in knee joints that are likely to need a lateral release in combination with an MA-e.g., a valgus deformity or preoperative patella maltracking.
Materials and methods

Patients
Informed consent was obtained from 16 osteoarthritis patients awaiting primary TKA surgery (4 male, 12 female patients; mean age 75.3±5.7 years). One surgeon (MSK) performed all procedures. Each patient was randomly assigned to the MA (n=8) or LA treatment group (n=8), irrespective of preoperative varus or valgus alignment.
Blood flow measurement
Laser Doppler flowmetry provides continuous real-time monitoring of vascular perfusion in vivo. An optical probe placed on the soft tissue surface or into cancellous bone carries a beam of monochrome light generated by a low-power helium-neon laser. The laser light penetrates the tissue and is repeatedly refracted and reflected (scattered) by the tissue. Light that hits moving cells results in a Doppler shift (change in wavelength) proportional to the number and velocity of cells. Optical fibers in the probe convey back-scattered light to photodetectors which convert the light to an electrical signal proportional to cell motion (in perfusion units, mV). LDF has previously been shown to provide a stable, reproducible method with which to measure relative flow change in vivo [20, 29] .
LDF was undertaken using the PeriMed System 5000 unit (PeriMed, Stockholm, Sweden) and two PeriMed 403 probes (length 40 mm, diameter 1 mm). The system was interfaced with a PC notebook computer (Toshiba Satellite-A10) via a National Instruments BNC-2110 connector block and 6024E 12-bit data acquisition card (National Instruments, Austin, TX, USA).
The body temperature, systemic blood pressure, and heart rate of each patient were monitored continuously during the procedure. After the skin incision, baseline LDF measures were made without tourniquet, using two probes inserted into holes (1.5 mm·5 mm) drilled 10 mm either side of the midline of the anterior patella ( Fig. 1 ). A further measurement was then made in the center of the patella tendon by suturing a customized probe support to the ligament surface (Fig. 2 ). This addition to the usual surgical procedure was undertaken to avoid the large variation in signal which occurs when the probe is held in the hand [19] . After arthrotomy, measurements were repeated. The surgeon was blinded to the results of all LDF procedures. All readings were taken with the leg in 90°of flexion. As a means of validating the method, flow measures were repeated after inflating the femoral tourniquet.
Data reduction
During LDF procedures, data were sampled at 50 Hz for 60 s using a program written in LabView 7.0 (National Instruments, Austin, TX, USA). A customized processing routine in Matlab 6.5 (MathWorks, Natick, MA, USA) was used to remove the 40-s stabilizing period from the signal and apply a low-pass Butterworth filter (cut-off frequency of 5 Hz) to the remaining data. The flow was reported as the mean of this filtered signal (mV). A Fourier transform was performed to check the data for aberrant frequencies, and to illustrate the effect of the patient's heart rate on LDF signal. All data were normalized to the baseline value, and this was assigned a value of 100% to facilitate comparison of flow changes between MA and LA conditions. The effect on patella and patella ligament vascular perfusion of medial or lateral arthrotomy was assessed using the Mann-Whitney U nonparametric test for equality of variables sampled from a non-normal distribution [31] . The alpha-level of significance was set at P<0.05.
Results
The characteristics of treatment groups after randomization of patients into MA and LA groups are given in Table 1 . The groups are comparable in patient age, body mass index (BMI), preoperative knee alignment, and flexion range. There was also an equal number of patients in each group with symptoms of hypertension or peripheral vascular disease (n=4).
Medial versus lateral arthrotomy
The mean changes in blood flow following arthrotomy are given in Table 2 . Flow in the lateral and medial patella was substantially reduced for both MA and LA compared to the baseline readings (Fig. 3) . Although the medial patellar blood flow showed a larger blood flow reduction after MA (53%) compared to LA (27%), this difference was not statistically significant (P=0.30). Patella tendon flow was only reduced in two cases each for MA and LA, and this flow reduction was not significant (P=0.20). A large variability of flow changes across patients was noted. While some patients showed little if any blood flow change after arthrotomy, greater reductions (up to 85%) occurred in other cases.
LDF validity
The sensitivity to flow of LDF was tested by placing the probe in the medial and lateral patella after inflating the femoral tourniquet. The flow reduced to zero in both cases, indicating that the measurements were not obscured by external artifact. Results of the Fourier transform revealed that the main frequency of the signal was the pulse rate of the patient (Fig. 4) . As was already shown by other authors [28] , the probes are sensitive to movements during data acquisition. Measurements made with and without the customized probe holder sutured to the patella ligament showed a large variation in signal (Fig. 5) .
Discussion
The blood supply to the patella has been extensively investigated [2, 12, 17, 26, 27, 30] . The main supply occurs through an anastomotic ring consisting of the anterior tibial recurrent artery and five genicular arteries, which penetrate anteriorly through the bone through vascular foramina. Three main arteries originate from the medial side and three from the lateral side. An additional source of blood supply has also been shown to occur through the patella tendon and quadriceps tendon [2] . Hughes et al. (1988) used LDF through a single 5 mm hole in the center of the patella to show a blood flow reduction of 41% after an MA, which compares well with our findings. The present study was the first to investigate the effects of an LA on the blood supply, and found no significant difference between the MA and the LA, indicating that both the lateral and the medial arteries evenly contribute to the patella blood supply.
The present study also investigated the effects of an arthrotomy on patella tendon blood flow, and did not find a significant blood flow reduction for both the LA and the MA. We consider preservation of the fat pad important for the vitality of the patella tendon. Hence, the fat pad was preserved during surgery in all cases, which might well be the reason for this finding. The fat pad has been shown to have an anastomotic network from the lateral and medial side, and contribute to the blood supply of the patella tendon [26] . Branches of the inferior genicular and recurrent anterior tibial arteries provide blood flow from the lateral aspect of the joint, with medial supply from branches of the inferior medial genicular artery [18, 26] . Hughes et al. [13] measured the bony blood flow after fat pad resection and found no effect. Further research is recommended to determine if resection of the fat pad would interfere more with the blood supply of the patella tendon than with the patella bone. The fact that some patellae showed a marked change in perfusion after an MA or an LA, while others showed little change necessitates further discussion. A potential explanation for this large variability may be the localized area of the LDF readings in the bone. Despite the use of two measurement sites, LDF provides only a localized measure of vascular perfusion. A 1-mm diameter probe can only survey an area of 1 mm 3 around the tip, with a maximum penetration of 3.5 mm into cancellous bone [22] . Hence the measurements made in this study are site-specific and might not be extrapolated to the whole patella. However, our findings are supported by cadaver and animal studies. Ogata et al. [23] used the hydrogen washout technique to demonstrate a 35% decrease in patellar blood flow after an MA in monkeys, which is in keeping with the present findings.
Another explanation for the large variability might be anatomical variations and osteoarthritic changes. In some cases, additional blood flow to the patella can be provided through the quadriceps and patella tendon as suggested by some authors [2] , while other individuals may depend more on the genicular arteries. Furthermore, degeneration of patellar articular cartilage has been shown to correlate with destruction of arterial anastomoses and disruption of patellar blood supply [2, 27] . Hence the intrinsic blood supply to the osteoarthritic patella might already be jeopardized prior to surgery. TKA surgery would have a much greater impact on the blood supply in patellas where arterial anastomoses were destroyed by cartilage degeneration. Scintigraphic studies have shown similar results [25] . In one study [21] , only 6 of 46 knee joints after TKA with a medial parapatellar approach showed a cold postoperative bone scan, indicating individual anatomical variability in blood flow. A prospective study [10] used bone scans in 30 patients after TKA without patellar resurfacing and without lateral release to show a transient patellar ischemia in about 14% of cases, with those patients also reporting ongoing anterior knee pain.
It can be concluded from the present study that the use of LA has no superior flow-preserving effects, contrary to the suggestions of previous authors [1] . However, a lateral approach incorporates the lateral release into the arthrotomy, and a bilateral incision of the capsule is never necessary to improve patella tracking. After an MA, a compromise must sometimes be made between blood supply and patella tracking. McMahon et al. [21] demonstrated a higher incidence of patella Fig. 3 Mean change in genicular flow (%) after arthrotomy in TKA Fig. 4 FFT chart illustrating the frequencies associated with patient heart rate as a major variant in LDF signal vascular compromise when a lateral release was performed in combination with a medial parapatellar approach. Ritter et al. [24] showed in a large study of 1, 205 TKAs that a lateral release in combination with an MA showed significantly more patella fractures, while patella radiolucency was more common in knees without a lateral release.
To the best of our knowledge, this is the first study to compare the blood supply disturbance of the medial to the lateral approach in TKA. Despite extensive measures undertaken to ensure the reliability and validity of measurements, there are several limitations of LDF which must be considered when interpreting the results, including that LDF is a measure of relative (not absolute) flow, and that the localization of measurements prevents extrapolation beyond the measurement site. It can be concluded neither approach is superior regarding the blood flow preservation to the patella. However, MA might need a lateral retinacular release in cases where the patella tracking is not optimal. This additional disturbance of the patella blood supply could jeopardize the vitality of the patella. LA never needs an additional retinacular release to improve patella tracking. Hence, LA might be superior to the MA in knee joints that are likely to need a lateral release, such as preoperative valgus deformity or patella maltracking. 
